The biosynthesis of galactolipids in red clover (Trifolium pratense) : a thesis presented in partial fulfilment of the requirements for the degree of Master of Science in Biochemistry by Bycroft, Wesley
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 
THE BIOSYNTHESIS OF GALACTOLIPIDS IN 
RED CLOVER (Trifolium pratense) 
A thesis presented in partial fulfilment of 
the requirements for the degree of 
Master of Science 
in Biochemistry 
By 
Wesley Wray Bycroft 
Massey University, 
New Zealand 
1972. 
ACKNOWLEDGEMENTS 
The author wishes to thank his supervisor 
Dr. J.C. Hawke for his encouragement and guidance 
received during this study. The help given by 
Dr . D. R. Husbands in the preparation of the manuscript 
is much appreciated . 
Thanks are also extended to the following 
for valuable assistance: 
Mrs. R. Norris for DSC analyses 
Prof. R. Hodges for mass spectroscopic analyses 
St~ff of the electron microscopy unit of the 
D.S .I. R. 
Mrs , R. McGee for typing this thesis. 
Chapter 1 
1 • 1 
1 . 2 
1.3 
1.4 
1 . 6 
Chapter 2 
TABLE OF CONTENTS 
Review of Literature 
Introductioh 
Occurrence 
Structure and Properties 
(a) Characterisation of ga lactolipids 
(b) Characterisation of acyla ted 
galactolipids 
1 
1 
2 
7 
7 
9 
(c) Fatty a cid composition 11 
(d) Spe cific composition of gal a ctolipids 14 
(e) Chemical synthes is and physical 
properties 16 
Biosynthesis 23 
(a) The overall synthetic pa thway 23 
(b) Fat ty a cid desaturation and the 
polyunsaturated fatty acids of MGDG 27 
(c) Control of galactolipid biosynthes is 31 
Galactolipid transformations 
(a) Galactolipase s 
(b) Galactosidases 
(c) Trans acylation 
Possible functions of the galactolipids 
The aim of the present work 
32 
33 
34 
35 
36 
41 
C1J'1p ter 3 
3. 6 
3. 7 
3. 8 
3.9 
3 . 10 
3.11 
3.12 
3 . 13 
3. 14 
,... l, ~_ • ....,·-er 4 
4 . 1 
Materials and methods 
Materials and analytical techniques 
Plant tissues 
Reagents and solvents 
Radioactive materials 
Chrom:;i.tography 
Radioisotope sc a nning and counting 
Experimental procedures 
Lea~ - sl . ic ~ incuhqtio~~ ~nd lipid extraction 
Chloroplast isola tion, incubation and 
lipid extr'lCtion 
Gal~c tolipid purific~tion and hydro~en ~tion 
Chemic a l analysi s of NGDG 
Physic a l techniqu e s 
Melting point determ in ~ tion 
Infra-red spectroscopy 
Mass spectroscopy 
Electron microscopy 
Co~~Q~i ~ on of grin~j~~, slicing and blending 
te chniques of chloroplast preparati on 
( a ) Spinach 
(b) Ryee~ass 
Page . 
42 
42 
42 
42 
42 
43 
45 
46 
46 
48 
50 
53 
57 
57 
57 
59 
59 
59 
61 
4.2 Experiments with Red Clover 
(a) The effect of PVP and NaDEDTC on synthesis 
of radioactive galactolipids by 
chloroplasts 
(b) Fractionation of c h loroplast radiolipids 
to check the pattern of incorporation 
Page. 
63 
63 
from UDPga1 14c 66 
(c) Compa rison of radioactive incorporation 
into galactolipids of Fescue and Red 
Clove r chloroplas ts incubated with 
UDPga1 14c 
(d) Compar i son of radioactive incorporation 
into galactolipids of Fescue and Re d 
ciov e r leaf slices incubated wi th 
Ga1 14c 
(e) Comparison of sodium chlorid e and 
sucrose based suspension medi a for 
chloroplast preparation 
(f) Galactolipid trans form a tions in aged 
Red Cl ov er chloroplasts 
(g) The pH dependence and the effect of 
wash ing chloroplasts on the formation 
of r ad ioactive galact olipids by Re d 
Clover chloroplasts incubated with 
UDPga114c 
(h) The incorporation of radioactivity into 
the galactolipids of washed chloroplasts 
incubated with UDPgal14c in the presence 
of a particulate fraction obtained from 
the washings 
(i) Election micrographs of Red Clover 
chloroplast preparations 
67 
68 
69 
70 
73 
77 
79 
4.3 
Page. 
Analyses of Red Clover galactolipids 81 
(a) Fatty acid composition 81 
(b) Chemical analysis of hydrogenated MGDG 84 
(c) Infra-red spectra of diacyl MGDG and 
hydrogenated MGDG 85 
(d) Melting point determination and 
differential scanning calorimetric 
analysis of hydrogenated MGDG 
(e) Mass spectroscopic a nalysis of 
hydrog enated MGDG and hydrog ena ted 
diacyl MGDG 
86 
88 
Chap ter 5 Discussion 
SUMMARY 
Incorporation of radioactivity into the 
galactolipids of Red Clover chloroplasts 
5.2 Identification of galactolipids formed by 
Red Clover chloroplasts 
5.3 Improved incorporation into MGDG of Red 
Clover chloroplasts 
5.4 The nature of the galactolipid transacylating 
enzymes 
REFERENCES 
94 
95 
100 
102 
104. 
LIST OF · TABLES 
Ta .. b l e 
· · ; 
1 
J : • ~ 
Overall quantit&tiv~ lipid compbsition of 
photosynthetic tissu e 
2 Lipid comp osition of fr a ctionated tissue 
3 Fa tt y acid comp osition of lipids of leaf tissue 
4 Fatty acid compos ition o.f ;galp.ctolipids isolated from 
spinach . l eaf homogen a te 
5 Me lting points and optical rotat ion s for some 
galactolipids 
6 14 Incorpor~tion of r adi oactivit y from UDPga l C into the 
total lipids of spinach c hloroplas ts prepared us:ing 
3 homogenising t _echniques 
7 Incorporation of radioactivit y from UDPga1 14c i n t; · 
lipid compon ents of spinach chloroplas ts pr epared 
using 3 homogenising t e c hn i aues 
9- Incorpora tion of radi oactivity fro m UDPga1 14c into 
total lipids of rye g r ass chloroplasts prepared using 
3 homogenising tech niques 
9 % incorpora tion of radioactivity from UDPga1 14c into 
lipid componen t s of ry egr ass chloroplas t s prepar nd 
using 3 h omogenising t e c h niques 
10 The effect of PVP and NaDEDTC on incorporation from 
UDPga1 14c into the total lipids of Red Clover 
chloroolasts 
11 Jnrn~nnr ~t ion into the total lipids of Red Clover and 
Fescue chlorn~l qP tR aft.Ar incubation with UDPga1 14c 
12 Incorporation of radioactivity into total lipids of 
Red Clover a nd Fescue leaf slices incubated with 
Ga114c 
13 In~nr~n~qti0n of re~ina~tivity into the total lipj~s nf 
Red Clover chloroplasts prepared using NaCl and 
sucrose based suspension media and incubated with 
5 
6 
12 
14 
18 
60 
60 
62 
62 
67 
68 
14 UDPgal C 7J 
'•le Pag_e_. 
14 Incorporation of radioactivity into total lipids of 
washed and unwashed chloroplasts incubated with 
UDPga1 14c 
15 % incorporation of radioactivity into component lipids 
of washed a nd unwashed chloroplasts from Red Clover, 
incubated with UDPgal 14c a t v 9rious pH's 
Incorporation of radioactivity from UDPga1 14c into Red 
Clover ga l a ctolipids by: (1) unwashed ch loroplas ts 
(2) washed c h loroplas ts and (3) washed chl oro-
74 
75 
plasts plus a particula te fr a ction from the washings 78 
17 'rhe fatty acid composition of Red Clover galactolipids 
a nd phospholipids 82 
18 The % radioact ivity in fatty acids of Spinach 
ga l a ctolipids extracted fr om lea ves a fter they had 
14 been exposed to co2 for 24 hours 83 
'() Analytic ~l da t a for hydrogenated MGDG 85 
Figure 
1 
2 
LIST OF FIGURES 
Structures of plant glycolipids 
DTA curves for anhydrous 1,2-dibehenoyl-PC 
crystallised from CHC13/ether 
3 Radiochromatogram scans of lipids from UDPga1 14c 
4 
incubations of Spinach chloroplasts prepared by 
three different homogenising techniques 
Radiochromatogram scans of lipid from Clover 
chloroplasts incubated with UDPga1 14c 
5 Radiochroma togram scans of lipid extracts of Fescue 
and Red Clover chloroplas ts after incubat ion with 
After 
page 
2 
20 
59 
66 
UDPga114c 67 
6 Radiochromatogram scans of lipid extracts of Fescue 
and Red Clover leaf slices after incubation with 
Gal 14c 68 
7 Thin-layer chromatogra~s of lipids from Red Clover 
chloroplasts extracted immediately and af ter aging 
for 5 h ours a t room temperature in the dark 
8 Examples of r adioch roma togram sc a ns of lipid extracts 
from Red Clover c h loroplasts incuba ted with 
UDPga1 14c at v ~ rious p~'s. 
9 Radiochrom~togram scans of lipid extra ct s from Red 
10 
14 Clover chloropla sts incubated with UDPgal C at pH 
7.8. . Comparison of i ~ corporation into unwashed 
and washed chl orop lasts wit h washed chl oroplasts 
plus 10 ,000xg pell e t from the washings 
Electron micrographs of chloroplas t preparations 
11 GLC chroma tographs of fatt y acyl methyl esters from 
Red Clover galactolipids 
12 Radiochromatogr ams of methyl esters of Spinach 
13 
14 
galactolipids 
IR spectra of Red Clover galactolipids 
DSC melting curves of hydrogenated MGDG 
71 
74 
77 
79 
81 
83 
85 
86 
Acyl-MGDG 
ACP 
AES 
/1TP 
c 
C/M 
Co A 
cpm 
DEGS 
DGDG 
DGG 
dpm 
DSC 
DTA 
Gal 
gm 
1 
M 
i·1GDG 
i-lGDGU 
t·~GG 
rngm 
m. u .. 
Na.DEDTC 
PC 
PE 
PG 
PI 
PO POP 
PPO 
PVP 
rac 
sn 
SL 
S . P . 
ABBREVIATIONS 
6 - 0-a cyl deriva tive of MGDG . 
acyl ca rrier p r otein 
- automatic ext ernal standa rdisa tion 
adenosine 5 '-triphosphat e 
Cur ie 
Chl or ofor m- me t hanol solution 
coenzyme A 
count s per mi nute 
die thylen e glycol succinate 
digala.ctosyl dielyc e ride 
digalactosyl gl yc e ride 
di s i ntergr n t ions per minute 
- Different i a l Scannin g Calorimetry 
Dif fer enti~l ~hermal Analysis 
Gal :tctose 
gr am 
f r ee f a tty acid 
litre 
molar 
monogalactosyl digl yccride 
hydr ogena t ed !1GDG 
moo oga lactosyl glycer o l 
milligr am 
mass uni ts 
sodium diethyl dithioca.rb~m~t e 
phospha tidyl choline 
phospha tidyl ethanolamine 
phosphatidyl glyc erol 
phosphatidyl inosit ol 
1 ,4 bis (2 - (5 -pheny l oxazolyl))-benzene 
2 , 5- diphenyl oxa zole 
polyvinyl pyrrolidone 
r a c emic 
s t ereospecific numbering 
sulfo lipid 
sint ering point 
TGDG trigalactosyl diglyceride 
tol/EtOH/EtAc toluene-ethanol-ethyl acetate solvent 
Tris Tri-(hydroxyme thyl) methyla mine 
UDPgal uridine 5 ' -diphospha te D- gal a ctose 
v volume 
Lipid nomenclature: 
For the specific s truct ural designati on of complex lipids 
containing a g lyc eryl moiety , th e nomenclature suggested b y the 
IUPAC-IUS Commissi on on dioche mical Homencl3ture (Eur opean J. Bi ochem . 
(1967) ~' 127 ) has been followed . The trivial names of compl ex 
lipids hav e been used when it i s more appropri~te to do so . 
Fatty acids a r e designa ted by t he shorthand no t a tion of 
numbe r of c ~rbon ~toms:nurnber of double bonds , e . g . 16: 3 refe rs to 
hexadec a trienoic a cid. 
